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(54) MAGNETORESISTANCE EFFECT ELEMENT AND MAGNETIC MEMORY, 
AND THIER FABRICATING PROCESS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
magnetoresistance effect element exhibiting 
good magnetic characteristics by controlling the 
magnetic anisotropy of a ferromagnetic layer, 

and to provide a magnetic memory comprising i 



the magnetoresistance effect element and 
exhibiting excellent writing characteristics, and 
thier fabricating process. 
SOLUTION: The magnetic memory has such a 
structure as a pair of ferromagnetic layers (a 
fixed magnetization layer 5 and a free 




magnetization layer 7) facing each other through 
an intermediate layer 6, and the magnetic 
resistance is varied by supplying a current 
perpendicularly to the film surface. At least the 
free magnetization layer 7 of the ferromagnetic 

layers has amorphous or microcrystal texture and comprises a magnetoresistance 
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[0028] 

At first, an outline structure diagram of an embodiment 
of the magnetoresistance effect device of the present 
invention is shown in FIG. 1. The embodiment shown in 
FIG. 1 indicates the present invention applied to a 
tunnel magnetoresistance effect device (hereinafter 
referred to as a TMR device) . 
[0029] 

A TMR device 1 is configured by laminating an underlayer 
3, an antif erromagnet ic layer 4, a magnetization fixed 
layer 5, which is a ferromagnetic layer, a tunnel 
barrier layer 6, a magnetic free layer 7, which is a 
ferromagnetic layer, and a top coat layer 8 in this order 
on a substrate 2 composed of silicon or the like. In 
other words, one end of the ferromagnetic layer works 
as the magnetization fixed layer 5 and the other end 
thereof works as the magnetization free layer 7, thereby 
constituting a so-called spin valve type TMR device, 
and a ferromagnetic tunnel junction 9 is formed by 
sandwiching the tunnel barrier layer 6 with the 
magnetization fixed layer 5 and the magnetic free layer 
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7, which are a pair of ferromagnetic layers. 
When the TMR device 1 is applied to a magnetic memory 
device or the like, the magnetic free layer 7 works as 
an information recording layer in which information is 
recorded . 
[0032] 

The tunnel barrier layer 6 is a layer for magnetically 
separating the magnetization fixed layer 5 and the 
magnetization free layer 7 and allowing tunneling 
current to flow. 

The tunnel barrier layer 6 can be composed of insulating 
materials such as an oxide, a nitride, or a halide of 
Al , Mg, Si, Li, Ca, or the like. 
[0033] 

The tunnel barrier layer 6 can be achieved by oxidizing 
or nitriding a metal film formed by a sputtering method, 
an evaporation method, or the like. 

In addition, it can be obtained by the chemical vapor 
deposition (CVD) method, in which an organic metal with 
oxygen, ozone, nitrogen, halogen, halide gas, and the 
like . 
[0034] 

In the present embodiment, in particular the 
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ferromagnetic tunnel junction 9 including the 
magnetization fixed layer 5 and the magnetization free 
layer 7, which are ferromagnetic layers, is subjected 
to heat treatment in a magnetic field at equal to or 
higher than 300°C. 

This structure improves the squareness of a R-H curve 
and reduces variation in coercivity. 
[0038] 

The spin valve type TMR devices in which the magnetic 
free layer 7 is composed of an amorphous ferromagnetic 
material with a composition of Co72Fe8B20 (atomic %) , 
one of which was subjected to heat treatment in a static 
magnetic field at 300°C and another of which was 
subjected to heat treatment in a static magnetic field 
at 250°C, were actually produced, and the result of 
measurement of their resistance - external magnetic 
field curves (R-H curves) are shown in FIG. 2. 
As is evident from FIG. 2, the TMR device that has 
undergone heat treatment at 300°C resulted in an 
improved squareness of the R-H curve and a reduced 
Barkhausen noise, compared to the TMR device that has 
undergone heat treatment at 250°C. According to the 
present invention, the shape of an asteroid curve is 



Japanese Laid-Open Patent Publication No. 2004-022599 

also improved, which results in an improved writing 
property, thereby allowing write errors to be reduced. 
[0045] 

In addition, it is preferable that, when an amorphous 
or microcrystalline material is used for the 
magnetization fixed layer 5 similarly, the amorphous 
or microcrystalline material used for the magnetization 
fixed layer 5 is equal to or greater than 0.5 nm and 
equal to or less than 6 nm in film thickness so as to 
make the heat treatment more effective. Good magnetic 
properties can be assured within this range. The 
magnetic properties are significantly lost by 
interdif fusion due to heat if the magnetization fixed 
layer 5 is less than 0.5 nm in film thickness, whilst 
an exchange coupling magnetic field with the 
antif erromagnet ic layer 4 may not be fully achieved if 
the magnetization fixed layer 5 exceeds 6 nm in film 
thickness . 
[0056] 

o 

A cross-point type MRAM array including the TMR device 
of the present invention is shown in FIG. 5. The MRAM 
array includes a plurality of word lines WL, a plurality 
of bit lines BL perpendicular to the word lines WL , and 
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memory cells 11 that are configured with the TMR devices 
of the present invention arranged at the points of 
intersection of the word lines WL with the bit lines 
BL . In other words, in the MRAM array, the 3><3 memory 
cells 11 are arranged in matrix form. 
[0058] 

In addition, a cross section structure of a memory cell 
picked up from many memory cells in the memory device 
is shown in FIG. 6. 

Each of the memory cells 11, as shown in FIG. 6, includes 
a transistor 16 constituted with a gate electrode 13, 
a source region 14, and a drain region 15 on a silicon 
substrate 12, for example. The gate electrode 13 
constitutes a word line WL 1 for reading. A word line 
(corresponding to the word write line described above) 
WL2 for writing is provided on the gate electrode 13 
through an insulation layer. A contact metal 17 is 
connected to the drain region 15 of the transistor 16, 
and an underlayer 18 is connected to the contact metal 
17 . The TMR device 1 of the present invention is provided 
in a corresponding position above the word line WL 2 
for writing above the underlayer 18. A bit line 
(corresponding to the bit write line described above) 



Japanese Laid-Open Patent Publication No. 2004-022599 

BL perpendicular to the word lines WL 1 and WL2 is 
provided on "the TMR device 1. It is to be noted that 
the underlayer 18 is also referred to as a bypass because 
of its function to electrically connect the TMR device 
1 with the drain region 15, which are in different plan 
positions . 

In addition, each of the memory cells 11 includes an 
interlayer dielectric film 19 and an insulating film 
20 for insulating each of the word lines WL .1 and WL2 
and the TMR device 1 and a passivation film (not shown 
in the figure) that protects the whole of each of the 
memory cells 11. 
[0067] 

Subsequently, a TMR device 22 having the following layer 
structure (1) was produced by a publicly known 
lithography method and an etching. In the layer 
structure (1), a layer described on the left side of 
is on the substrate side, and the values in 
parentheses indicate film thicknesses. 

Ta (3 nm)/ Cu (100 nm) / PtMn film (20 nm) / CoFe (3 nm) / 
Ru (0.8 nm) / CoFe (2.5 nm) / Al (1 nm) -O x / magnetic free 
layer (t nm) / and Ta (5 nm) -(1) 
[0069] 
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An Al-O x film of the tunnel barrier layer 6 was formed 
at first by depositing a metal Al film to 1 nm by the 
DC sputtering and then by subjecting the metal Al film 
to plasma oxidation jDy plasma from ICP (inductively 
coupled plasma) with a flow ratio of oxygen/argon of 
1:1 and with a chamber gas pressure of 0.1 mTorr. 
Oxidation time, which depends upon ICP plasma output, 
was 30 seconds in the present embodiment. 
[0070] 

In addition, the films other than the Al-O x film of the 
tunnel barrier layer 6 are formed by the DC magnetron 
sputtering method. 



effect element 1 heat treated in a magnetic field at a temperature between 300° 
C and the crystallization point of the free magnetization layer 7, and a bit line and 
a word line sandwiching the magnetoresistance effect element 1 in the direction 
of thickness. After formation of at least the free magnetization layer 7, the heat 
treatment process in a magnetic field is carried out thus fabricating the 
magnetoresistance effect element 1 and the magnetic memory. 
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[ 0 0 4 4 ] 

o C ©KfflrtfcfcS c fcfc «fc o T&#4«lRfttt*«fiiT*#So IHffci 7 ©ffltflhbM 

nmjiffea^icfi, isftfc «fc sfflsffit&fc «fc ») flBt^^tt^^et satin, igtaik 

gftl7®IItf 1 5 nm^ilslSi^ta, TMR3R?l©««*^ia*lfci«<*S© 
[ 0 0 4 5 ] 

Sfc* Wait, «ftffl£* 5 te fc7*;l/7 7**fctt*ISa©#8*m^**£fc* ±SB 10 
©S&ffig*<fc?)%IIW&fc©fc:-r3fci&tett* HtIS15{;:Mv^7t/V77^Jfctt 
»*SJI©##©1BJ*£0. 5 n m fi( ± , 6 nmttTfct^Cfctflf IV\ C © « H fc 
fc«e:fcfc«fcoT&$fftKfL'Rrtt*fiI£-?*So l£lS15<r)|itf 0. 5 n m*»T? 

fes*^fc«:, a&fcj:sfflsis;ttfc«i:*)«5i«ptt*^«fcaat>n, micMitmmm 5 <d 
mm #6 nm*±iiis«^fe:tt, s&s&ttB 4 fc©££«^« a < &a 
33 * n * s . 

[ 0 0 4 6 ] 

*»IT, R-Htt$g©£}ff514£fa±L, ^/V^A^^yy^XifeffiStSCfcffttS 20 
o £ftx «I*HcOtf6o**»IWLT, TMRff l©7Xfn^FflSOi«^3( 
its;: fctfTti, 

[ 0 0 4 7 ] 

C n fc J: ») , M^^lCTMRlf^lUlSlI^'JgftTMRlf 1 £ il ffl 
Lfefc^fc. T M R It? 1 ©7 XTD-f K U, «#&*1#te*fa±-f 

[ 0 0 4 8 ] 30 

«^tf m 4 icgt j; a fc, Mitmmm 5 mi omitm^m 5 a 2 ©afbssji 5 

[ 0 0 4 9 ] 

14titTMR|f l OT'S, SH©»fl:H€Ji5a3VfiH«ttJi44:*LT*J>J, £ 
nSOiPltKSiiS^ltioT, !fll©li{k®£»5 att8^-£fa©«ag£ 
14 £ # o „ £ ft % $2©Ifl:iSi5 btt, Fy*;bA'J716^MTlfkg4l7i: 
# fa u , x if > © fa-* « <k i * » 7 it n it » m r Jt t m to s a « tt Jl * S » 40 

[ 0 0 5 0 ] 

ll7i'JlifiO*»ttit#15cfc|^6h8tffii:tTI4, 0J it tf R u , Rh, I 

r, Cu, Crs A u s A g ftfflf ^tlSc l4 0TMRifl Otfe^T, * © ffi © 

KiSllciLfcTMRlf 1 £ S JT P ft ©^ A T* & § ft © , 0 1 tmVft^ZttLXm 

[ 0 0 5 1 ] 

C © »B 7 x y« 31 £ W 1" 3 T M R £ ? 1 Ofcfe^Tfc, 3 0 0 °C fit ± H {k g E& JI 7 © i££ 
H it U Jg fit T T? fll *§ * US 5a S SS * n ft ft $ t.t 3 c £ ic <fc t) „ 0 l tibftTMRIf 
lfcl^te* R-Hft8©ft*tt%iSl±L, /^l/^A-J-lfyy'^XSffiatSCfctfTt 50 



[ 0 0 5 2 ] 

iris ±2©HS6©fSJi. , rtt* HSfiaSif tLTTM.RIf (h>*;HIgRai 
fell tSCfc^T'^So 

MAtfifiiiifcLTC um<Dftm&mmmzm^rc&±Mn&tf.%]%m : ? (gmri?) 

[ 0 0 5 3 ] 
[ 0 0 5 4 ] 

1^6 x tt»*H&ffi3fcfcW-Stt»©H*©«Hli, ±^©HSS©^^©TMRm?l©J:3 
fc«fefi*Ji7tf«{krMJi5J:9±Jlflllfc*S*rt §^ ) T* , 

3 o o < c^±©m^*^^s^s^^'a«4^p»^^@^«5{c^^s^-rTx^?*^-r 

i>Mg£3$te3 fc #k KffcHJSJI 5 ©#36, Jiff, tt fc «fc ?> ft ft * „ 

MAif, M@£«5^§iJl2nm©CoFeJii©* 9 , 4 © 

tffitfFeMn^RhMn, I r M n f T'feSinlCfi, 1 k O elS©8*?)t»?J 20 

:©iftl£15tfIi2nraiOCoFei©» T'&3*§$T*fc, £3i^14/f 4 

© # 8 P t Mn|t?fe51^£(i:, 3 k 0 e@g&gfcft5o 

s&k, g4tiifcTMRif i oik 5 #«*7x U C fcfc 

«fc t> s afflft£3l«ttl6£tfJ&iaSftS*£fctt* c ©K&MIS^SrM ITV^lt 

©«teJi?-^Ttfi^i;#ft©ffi{b£#i"3<£?fct-3&ii#&3'o w * fc? c o f e (2 n 

m)/Ru (0. 8nm)/CoFe (2 nm) O i 5SSlOiftiSl 5 
ttt, 1 OkOelgOliii^SllftS. 

- 7J , «*©*#S©±Rgtt#fc:ftv*^ «»**£<-rSfci&£tt«#8]ita?8*:*:S! 

ft a*ft**sfc»j£Stt<6o .30 

[ 0 0 5 5 ] 

1^(D^STMR|?1, 1 0 m<DM5L&ifi$}%km?te. IxIfMR AMf 
[ 0 0 5 6 ] 

^^PIOTMRlf «:# tS^HX^^y MOMR AM7L"f%> I5tgt„ £ © M 
R A M 7 l^f fcU ^IS©7-KJgWLfc, cn^7 - KfiW L fcl^tSSStOlf 7 Ml 
BU^IU 7-F|WLte7 Mil B Lfc©^^t*%BJ©TMR^?^IE»StlT 
iSS^t'J-b/H 1 t^ftS, SP -5 s C©MR AM7 L^fT'ti, 3X3©^t'J*;H 
ltf7b'J"n«fcElSni, 40 
[ 0 0 5 7 ] 

Iff , MRAM7L"ftll/^tl5TMRifHtii, i 1 t^LfcTMRIf 1 tPl^ 
?ftf, tl7i'J|i§^tt?@4tfxtTMRlf 1 OH, Mfc*f LTStt^mift 
*St-rili:tj;oT^M5gfe : [^{t^tf§^fiSc©5i^igm^m«?fc*3V^T^^4'3 0 o°c 

«± as ntfe t? , '>ft < hti(ti6i7^^tj§iitti^7 ; e;V7 7X#s* 

[ 0 0 5 8 ] 

3: , ;* t U ^ ? fc £ & 35 3 * * y -b ;l/ S lo©**y-fe;l/£&(?ffiLT,®r®Jiji% 
I 6 Cfsto 

& * * U -b ;l/ 1 1 fc* . I 6 tsti ? t> 0IJ^tf^y3>Sfil 2 ± tc . y-HIi 3 50 



\-l-\JJ 



1 3 fcfc. K*lBL«07-FiWL 1 *i)SLT^5, Hi 1 3 ± fc fci > f&JSJi* 

o £©TMRiifl±fc:, 7-K'»WL 1 fttfWL 2 ttJStS If y H (WaLfttv 
h«#&*l8fcfflSfa) BLtfMJtiTt^o ft, T«l 1 8 tt« ¥ffi{uB©H&3 

10 

S h #7-PiWL 1, WL2HMRI?1 i: % «S* S J6 © ii M *fi* M 1 9Stf 
[ 0 0 5 9 ] 

c <o m r a m (i , 3 o ovu±mgi 1 itumuT<DMm#mmmic£9M<t&&m7 <om% 
s^tt^ai^n/cTMRif 1 * % v> t v> s © t* , r - h a & t # t / << x *>Mg » l 

>7Xtd^ KW1ttf[nj±-r3©T?x »#S&#x9-©ffi«*eiSci:"C*So 
[ 0 0 6 0 ] 

7 A R D* 1 7 b fc * n ? n ^ f „ 

a t c m o s m & ( m %. a m 6 <d h 9 > s> x * 1 6 ) ^jg^t/ct, 7-fh c « * «f 20 

I60W2) ^$^1, 7-K*©«»fc**ffV^ S S £ ¥ t§ ft L f£ , TMR|*« 
ItSIglT'li, 17 A £. IS 7 Bt^It&oTV^o 
[ 0 0 6 1 ] 

i7Atit7*D^X7D-T'(i, TMRl^iltfci, * <" «» * JRfflS* ff * 

ioi;w /<*jBj*xeBP-5H 6 (ormm 1 so/^--yy, if gi5jfc/£x^gp-5 t m r 

If 1 © A 5 - - y f % if Oli6iA*IgEP^ TMRlf 1 %*6ililiTS«)iiCyXe^ 
t£ >y hi^^lS, £ >y h«©S«>fc*l8©&X6*fT5<fc3fcLTV»S. 

if gi$Mx*§, if ©a^jA^xs, tr -y hiifigii, if v h»©s«>i&#xii©& 

Xg^tT-^/ctls Bt**JRffl3*fT$ * 3 fc LT^So 30 
[ 0 0 6 2 ] 

V> -f ft fc L T t , T M R fll * J« « b * tc »» * Jlft.ffl a * a "T © fl * b V> s '> & < 
feTMRI^35a{fcg*»7*j£KL;fc&fc:*-S&g#*S. 
[ 0 0 6 3 ] 

ISSd ^ W*.tf«<fcH«*;fttf«fci*»©IB«tf±»Lfcg«©fc«©«|ja (v*>W>S#h 
AXifvl) i: tei£T*& IP *3 «<fc § SB * SMJ fc * flBHfcSSJiR tf 

®M'&m*f&m l ta> 6 3 0 0 icw±T?«»*s»«iai*ff o «{tBS«R-tf saa- 

^ * M 31 £ 3 0 0 X * 8§ T* ft 5 £ 7L ZtlZo 40 

It3 00TC«±©«»*l»fflg*fT5»£i:Jt«*-*i:* TMR§t©affifciffv>«fl:@ 
j£BRtf£8«ftJffc3 0 0"CJM±©a*©»»^Rtf4^«:v>3f!ljfii**-r* o 
[ 0 0 6 4 ] 

ft , 0 6 fc * L fc J; 9 fc s MRAMfcliTMRlf lttntX^7f >^l©h7y>^ 
^ l 6tf#St«tf, #^MTMiTMR^14£I^5fci6tc % 08affH9fc^tJ:7 
4a«tth>*;l/»£©#*»J8Lfc'>x^tcJ:»)1*te©illlJE • f¥ till £ ft o fc o 

sf, »«tth ^*;i/»*©«fl:a4Jiic«4r©#»*ffl^fc»^©, i»«iaiafiffi#it 50 



-J-e—t-V U <H- Z-Z-£> H— Z-U tf4T-h-Z-Z- 



[ 0 0 6 5 ] 

<-9-y 7;b l > 

0 8 fc ¥ ® 0 > B9teB8©A-Afcfctt3WffiB* J E-ft* f ft^-r«fc3tex # 1£ §¥ M HI 
f T E G (Test Element Group) Ht< 112 1 i(i7-F8WL 

i: e y hMB i ttfw&LTmmz n, cney - fswl £ tr >y b us b l t © £ m -r § 

SP# T M R * ? 2 2 # J8 £ ft * 3i # ft 8! L fc o COTEGii, TMRl?2 2tf| 
$40. 5(imxlil. 0 ft m ©*fP3J£tfT-& t) > 7 - K » W L R tf t£ y Ml B I ©Bii| 

* ft € ft «8 ? y K 2 3 i 2 4 HfiBA f£ ft , 7 - K « W L t y hBB L t* A 1 2 
0 3 fr&ASIBfltlt 2 5 , 2 6 !a^T5^fctI^ii:»ilft|^i:i5;otl/^o 10 
[ 0 0 6 6 ] 

' * # « fc fc* , ^©i9tLTB8StfH9lL/TtT E G?:ftSl/Co 
3: f\ & S fc it ttfc SI ( JP * 2 fi m ) JlCf J«?nft»S0. 6mmO->ij3^^«5i 
«2 1 *lSUfe. 

#fc , C ©g« 2 UIC7 - FttOttfc* #1! U 7*h'jyy97UJ:oTVXH 
fc&fc7-K&tttt©gB#%A ry^XvtiDilRWtiyf >^L, 7-KlWL* 

Lfco 

^©^, 7-F«WL*Ht)T»il2 6*»l8l, Sffi*¥a<ftfco 
[ 0 0 6 7 ] 20 
i^T> ~F IB © Jlfll fifc (1) frfeftSTMR*? 224, ftjDO 'J V f57^ SRtfxy 
fV^fcJ: DftHLfco Jl*j£ (1) fci> t * o T 0 , () rtfcigiJP 

T a ( 3 n m ) / C u (l0 0nm)/PtMnM(20nm)/ / CoFe ( 3 n m ) / 
Ru(0. 8nm)/CoFe (2. 5 n m ) / A 1 ( 1 n m ) - O x / IK {k S S * ( 
t n m ) / T a (5nm) - (l) 
[0068]' 

itt , ± IB © S ffi & (1) © 9 s ifti*loa**Co 7 2 F e 8B 20 ( H ? % ) £ 
U Ht@41<0llt?:4 nrntLfto 

Icfc.&CoFeJi©^^, Co75Fe25 tlft. 30 

[ 0 0 6 9 ] 

hy*;l//<'J7160A 1 - O x §1 fci > lf#lA li^DCX^'^SiaD 1 nm 
if»St 4 ZOfefkfik/T )V3y<Dm§.\t1t \ ■ I t f+yA-«7E$0. 1 m T 
or rtU I CP (R»tt^7*5X"7) 5© 75 t j; 0 #1 A 11477Xv| 
(t««* c fcfc J; ?>J&tfLfco I C P/7XvtilA£«#tS^s MMJ-e 

1* 3 0 # t L fc o 
[ 0 0 7 0 ] 

$ fc , h y * ;b A U 7 S 6 © A 1 - 0 x m&L ft omit* DC7^^Fn>X/?^Sf 

[ 0 0 7 1 ] 40 

««*!Rffl8*FfcT\ ■ 1 0 k 0 e ©Btff*, 2 0 0 ~ 3 6 0 tT\ 5 B# Psl © |ft $a S 

*ffv^ s!ftBtttji7%% p t m n m.fomwutmmm^n^. &m&h 9 z& 

L fc o 

8S^T\ TMRIf 2 2RO*f OTOiil2 6^;^-^y^*lT, 08lc^tli^ 
^-y^tt^TMRIf 2 24fE?t^o 

Al 2 0 3 * * * * * S C fc «fc »> * JP 3 1 0 0 n m 8 * © fft» JI 2 5 * 

)&§l £ £> fc 7 * h U V ^ 5 7 fc <fc t) M y h & B LRtf«f y< y K 2 4 £j£jjSc 0 

8 R @ 9 fc ^ L- fc T E G 4 ?# fc „ 
[ 0 0 7 2 ] 

< -9- y 7)1 2 > 50 



-if— *W4~i-/rW*—fi— tW+r+r** 



MI4l7iDSI*Co 7 0. 5Fe4. 5 S i 1 5B10 ( ® ? % ) fc L » Mit £ * 
17011^4 nmtLfe«^(i*yy;H dit I T T E G ^ ift, 
[ 0 0 7 3 ] 

< ^ > 7 s ;l/ 3 > 

lftllfil70il«*Co35Nl 35FelOB20 ( JR ? % ) fc L, % S A M 7 © 
^jp^ 4 n m fc L fc Uft It V > 7 1 tlliatT EG*»ft. 
[ 0 0 7 4 ] 

!Sftl4l7©ii^Co 7 5 F e 2 5 (Rf») fc U , IftSfti 7 ©11^ 2 n mi: 

ifttt«iit>7";Hi:ilfcunEG*9ft, 10 

[ 0 0 7 5 ] 

< -9- y 5 > 

ftfcg fti7©il^Co90Fe 1 0 ( Jg ? % ) fcl, &{fciEi3;S7©§iJp£2nmfc 
L fc « 14 V 1 kH«fclTTEG4j|ft. 
[ 0 0 7 6 ] 

f IT, j|5tlft§^y7";H ~f y7;l/5<0T EGfcltLT, TfB©J:5fcLTR-H 
ft £§ © H £ * fT o T , 2 6fcR-Hilliifr6fi«A«)«6ott*»ft. 
[ 0 0 7 7 ] 

( r - h ft m © m s ) 

I*OMRAM«Oift^t'J8n?'tt, *«E«l?fc <fc o TM&MJiliStMSHtSlfc 20 

3 C fc fc <fc D % ® ft ffi © $J £ £ ft o fc 0 ip-%,3;-fTMRfl?2 2©ft<[:£E&/I£ft{fc£ 
$E*^§fc*©^gPMW ; &^^S*il©li^S^$i{c^LT¥tffc=5:5J:3^mj!jpLfco 
i»J£©fc#>©^SPftW©*t £ fcU 5 0 0 0 efcLfc o 
[ 0 0 7 8 ] 

#fc » ft{fc£SJB©«fc££tt© — ^fil^S^T- 5 0 0 OeA^+ 5 0 0 OeSti?| 
tltH^fc, 7 - K m W L © m =? ^ v F 2 3 .fc fcT y h St B L © 4$ =? /\ v F 2 4 fc fc Hp 
5;W7XfffAM 0 0mVJ:4§j;McllilT, 91 ft 'ft F y * ;l/ ft F •> * ^ « * 
^fiLfco COtt©#»»«IHc»t8!8tttt*ilSLTR-Hlfti*flft, 

[ 0 0 7 9 ] 30 

(ffiSAHcOlf^Ot) 

±e©Wje#ttfcJ:?>R-Hfflll*MJ£L, R - H ft H 6 „ «Ufc@5£Sfc«fl:g&JS© 
«fctfK¥fr©tt»T?fc o TfififfS^ttSTOfiRifc * ftft@£Sfcil{fcg|ii«©ft 
<Dtf.mv& o Tfij/tifffii/^iTOlSKli fc © c©¥i^ffl©gK 
• #»6n8i:»©n»i5H5ltfi8AHcfclft. c © £ H c % , nilcffll! 
ftfciR? (TEG) 5 0 0 lfc«LTfrl\ Cft5>©MfilMAHc£5f<A6fco f bt, 
A H c / (H c ©¥^f«) *fiS»?jHc©fcf&0*©fififcLfc 0 

188, »*ii#*Ht©lft±*H* fc^ofc'«^^6, «l*HcOtf5o#tt / 6'%WTT? 
S-5Cfc^$f$tV^ 0 

[ 0 0 8 0 ] 40 

■9- y i ~ y 7 ^ -5 © * ft €n fc o v> t\ &fc££jl7©ii§$&tf|giJl£aifc^L 
, $ fcflttofc&BUIi&g* fc !> > «*fc««t*H c-Otf 6o«* fc t)» 7n HT1 l 

[ 0 0 8 1 ] 
[^ 1 ] 
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[ 0 0 8 2 ] 

01 0 6 0J§ 6 ft £ ? fc: , * V "fft 1 > 3 © J: 3 > 7t;l/7 rXMH^Kt 

@i!7lCl^T, frOl§*l!®iif)igll% 3 0 0 °C &L± t f % C £ ic X K> s UmtlH 
c CD i£ t> •? t £ fll it § C if T t § ■ C t if t> if % o 
[ 0 0 8 3 ] 

C©ci:fr&* 7t;l/777HS*lftS4l7fcfit\ fr9 3 0 0 ttt±C*iif 

JI£Bg-fCi:fc=fc9x TMRI?(DSI*H c©tf6of ^jfll^T, MR AM©itii* 20 

[ 0 0 8 4 ] 

eo#ffl*J^S%t#Sco{r-^yy;l/2©^^^^i«^^g^M-r^ci^A , «t)^§ 0 
[ 0 0 8 5 ] 

ft> #5§BJ3©f&Sl}g£t$Jiliit? (TMRI7I) tt % M3£ Lfcttft* * U St«©*ft &-f 

@s§^-y7\ s & v=i »?& mis * & tb t ? z> & mm?m&. m^m 

M^fclfflt^CttfT?**. 30 
[ 0 0 8 6 ] 

* £ bj§ a , ± $ © n si © m sg pi t£ n & © t- a «: < , * 8 E ©g g * s& h» l ft v is h 
:e*©fl&**a*ja#8ie>»s. 

[ 0 0 8 7 ] 
[«W©S»*3 

±a©*B9i©«ftfitt»**?;fttf*©«£2fi*fcJ:fttf* r - u$im<D%B®.<D&w 
cntiD x w it ar «»fim» « * ? * a ft * u «« fc ji ffl t » ^ ic, » t & & x ^ 

[ 0 0 8 8 ] 40 

[0®©fS#ftI8B;i] 

[0 1 ] *«W©-^S6©^J8© T M R jR^'OttHSfll^BI T« S o 

[0 2] IWfiJNtffl&O&Atf 3 0 0 °C©^"&i: 2 5 0 t Oi^ t' T M R i?©fifi- 
g& ft « ft m * It m L fc 0 T* $ £ o 

[03] «» + l&ffi£fcffl^«J»ffiSJF©-JBfc*^'rHT?fc*. 
[04] «I7i'J8i%tt5TM R *?©**«rtHT**. 

[05] ^iSOTMRif^^t'J^^tLTttS, ^ n7>l^> hSM R M7 b-f 
©Saj*^1-«P8fl|jSHT*a6S. 50 



[06] ® 3 iC&? V -bfrO&XWimmV&Zo 

[0 7] A, B *^l«teJ:t)MRAM%a!Jfi-rS«-&©^P"feX7a--©^JBI%^ i Lfc 

[08] TMRl?©^«fflOT EG©¥ffi@Tfe§, 
[09] 08©A - At*5it58iffilf S5„ 

[0 1 0] MMjg £: &S8*J H c ©fcf 6o# fc©B8«*^-rHtf*So 
[ ft ^ © US W ] 

1, 10, 2 2 h>^;HIgfia^I? (TMR1?) , 2, 21 £ * 3 T % 
4 K&H'&jl, 5 «{fc@£S, 5 a H 1 ©«<fc@£«, 5 bS2©iiti«I 

* 5 c #tttt**#JI, 6 hy*;W^J7i, 7 {i{bgs/is 9 aft 10 

14 h y * Jl> m s 11 ^ * l> -fe ^ > 2 3, 2 4 y F , 30 x /\ , 32 - £ 
-^33 WL, WL1, WL2 7-Ki, BL t£ >y h & 
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(72)^H#g Jgg 

^MfPD a n /HEJt: D a Diil6T@ 7#3 5^ y^-ltefcMtrt 

F£-A(##) 5D034 BA02 BA03 CA04 DA07 

5E049 AA01 AA04 AA07 AC01 AC05 BA06 

5F083 FZ10 GA27 JA36 JA37 JA38 JA39 LA12 LA16 MA06 MA19 



